Matrix-assisted laser desorption ionization-time of flight mass spectrometry has emerged as a rapid, cost-effective alternative for bacterial species identification. Identifying 60 blind-coded nonfermenting bacteria samples, this international study (using eight laboratories) achieved 98.75% interlaboratory reproducibility. Only 6 of the 480 samples were misidentified due to interchanges (4 samples) or contamination (1 sample) or not identified because of insufficient signal intensity (1 sample).
Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) has emerged as a fast and costeffective alternative for bacterial species identification in microbiology. On the basis of mass analysis of the protein composition of a bacterial cell, which is assumed to be characteristic for each bacterial species, it is possible to determine the species within few minutes, starting from whole cells, cell lysates, or crude bacterial extracts (2, 3, 5, 6) . The proof of principle of MALDI-TOF MS for bacterial species identification was shown a decade ago (2, 5, 6) ; however, due to low reproducibility, it has not been widely adopted in clinical microbiology. We have recently shown that use of a larger mass range for detection (2,000 to 20,000 Da), dedicated analysis software for spectral pattern matching, and a highquality reference database of spectra generated from qualitycontrolled culture collection strains resulted in accurate species identifications, with high intralaboratory reproducibility (7). For interlaboratory reproducibility, there are only very limited data available (8, 10) . We therefore evaluated the interlaboratory reproducibility for MALDI-TOF MS-based species identification in a multicenter study, applying the above-described MALDI-TOF MS improvements.
( (7). All species designations were unambiguously confirmed using partial 16S rRNA gene sequencing as described elsewhere (7) . Samples 031 to 060 contained preprocessed cell extracts from the first 30 strains as described recently (7) . Accompanying the samples, each participating laboratory received a "sample cultivation and preparation guide" and a "result reporting guide" to facilitate and standardize data generation and interpretation. Briefly, the laboratories were asked to streak out samples 001 to 030 onto blood agar plates (irrespective of the vender) and to incubate them for 48 h at 30°C in an ambient atmosphere. Using a single colony, extraction for MALDI-TOF MS analysis was initiated. For preprocessed samples 031 to 060, the guide included instructions for matrix preparation and MALDI-TOF MS analysis (7) . For spectral calibration, the Bruker bacterial test standard (Escherichia coli lysate) was used during the measuring step. All laboratories used the MALDI Biotyper 2.0 software package (Bruker Daltonik, GmbH, Bremen, Germany) and the MALDI Biotyper database, containing spectra of more than 2,800 microorganisms (including the 248 nonfermenter species) as reference data. The software generates a list of probable species identifications ranked by the log(score) value, which reflects the peak matches as well as intensities and results in values between 0 and 3 (0 to 100% pattern match). After comparison of an unknown spectrum with all reference spectra of the database, the log(score)s are ranked. Values of Ն2.0 were required for secure identification at the species level and values between Ͻ2 and Ն1.7 for secure identification at the genus level. Results based on log(score) values of Ͻ1.7 were rated as not identifiable. These thresholds were empirically determined based on the whole MALDI Biotyper database contents.
Each of the eight participating laboratories received 60 blind-coded samples for MALDI-TOF MS-based species identification. The aggregated results for each laboratory and the machines used are shown in Table 1 . Of the total 480 samples, 474 (98.75%) were correctly identified at the species level by using the highest log(score) value for the identified species after MALDI-TOF MS spectral comparisons. Five of the remaining six samples were misidentified, and one sample did not result in any valid species designation, due to low signal intensity. Overall, six of the eight laboratories identified all 60 samples correctly (Table 1) . Four hundred sixty-seven of the 480 samples (97.29%) with log(score) values of Ն2 (mean, 2.353; standard deviation, 0.146) were identified, indicating a probable secure species identification level ( Table 1) . Twelve of the remaining 13 samples showed log(score) values between 1.7 and 2, which correlated with at least a secure identification at the genus level; only sample 044, which was not identified, due to low signal intensity, had a log(score) value of 0. The 12 samples were distributed among four laboratories; no pattern of an especially problematic sample was discerned. The five misidentified samples showed log(score) values of Ն2. Figure  1 displays the mean log(score) value for each sample and its standard deviation. Of the 60 samples investigated, only sample 044 showed a significantly higher standard deviation and lower mean value due to the failure in laboratory B. There was no significant difference between the mean log(score) values of cultured samples versus those of preprocessed samples as determined by t test statistics (P ϭ 0.20).
Besides the lack of comprehensive reference databases for spectral comparisons and of sophisticated software tools for data interpretation, the broad use of MALDI-TOF MS for species identification was hampered in the past by the limited reproducibility (9) . Dedicated software tools are now available, along with comprehensive databases for some genera (e.g., anaerobic [4] or nonfermenting [7] bacteria), and intralaboratory reproducibility has been proven (7); however, interlaboratory reproducibility remained unclear. Therefore, we present here for the first time a large international multicenter study, using 60 blind-coded nonfermenting bacterial samples, showing a high interlaboratory reproducibility, with 98.75% correct species identifications (Table 1 ). There was no significant difference in achieved log(score) values between cultured and preprocessed samples, indicating that both methods were equally reproducible. In contrast to previous studies (9), the Bruker system yields high reproducibility if a minimum standard is followed, as recommended in the "sample cultivation and preparation guide." Although all six mis-or nonidentified samples were preprocessed samples, only in sample 044 of laboratory B was a failure due to low signal intensity noted. For the remaining misidentified samples, sample interchange (four samples) or contamination with skin flora (one sample; Staphylococcus epidermidis) was a highly likely reason for misidentification. Not only were samples correctly identified at a high rate, but reliability was high: 97.29% of all log(score) values were Ͼ2, the threshold for a secure species identification. It was even possible to correctly identify 12 of the 13 samples with log(score) values of Ͻ2. This level of reproducibility is usually achievable only with DNA sequence-based methods (1). Moreover, sending preprocessed (inactivated and therefore noninfectious) samples greatly facilitated the exchange of specimens. In summary, this study demonstrated that MALDI-TOF MS has become a highly reproducible alternative platform for partial 16S rRNA gene sequencing for the identification of bacterial species in the microbiology laboratory. Whereas MALDI-TOF MS has a higher discriminatory power than 16S rRNA gene PCR, the latter is more sensitive, but neither of them can adequately resolve mixed bacterial samples. We thank Isabell Ramminger and Ursula Keckevoet (Münster, Germany); Leopoldo Dimiziani (Rome, Italy); Ulrike Wild and Anke Veldenzer (Heidelberg, Germany); Beatrix Wegmann (Bremen, Germany); Haijing Li, Criziel Quinn, and Beth Mutai (Nashville, TN); and Gongyi Shi and Sam Fu (Fremont, CA) for skillful technical assistance.
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